PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2001-284732 
(43)Date of publication of application : 12.10.2001 



(51)IntCI. 



H01S 5/22 
A61B 18/20 
H01S 3/00 
H01S 5/042 
H01S 5/16 
// B23K 26/00 



(21 Application number : 2000-099514 
(22)Date of filing : 31 .03.2000 



(71 Applicant : MATSUSHITA ELECTRIC IND CO LTD 

(72)Inventor : TAMAI SEIICHIRO 
ITO KUNIO 
KAZUMURA MASARU 



(54) MULTI-WAVELENGTH LASER LIGHT-EMITTING DEVICE, SEMICONDUCTOR LASER ARRAY ELEMENT USED 
THEREFOR, AND MANUFACTURING METHOD THEREOF 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a multi-wavelength laser light- 
emitting device that can emit a laser beam with multi-wavelength and high 
output 

SOLUTION: First and second laser array layers that oscillate the different 
wavelength of a semiconductor laser array element are allowed to oppose 
each other, are laminated, and are arranged. In each, a main waveguide 121 
is interlocked to a main waveguide 123 by an interlock waveguide 125 t thus 
sharing resonators 122 and 124, matching both the wavelength and phase 
of laser beams that are oscillated from each of the main waveguides 121 
and 123, phase-locking each laser beam for facilitating condensation by a 
condensing lens, and hence obtaining high output. 
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[00 2 6] 3l:*U>X4 0tt, A*f3n/c U-1f:3fcL 

a. lb zy&titommvmytiiL&icmftz m 

*n©<fc 5 CCAf*;*tt;fc?£©igfi©*B&K: J: 0 3fe#±CD* 
J5:4*SP1 i*SP2 (JS51-) (eft*. *C 

r. #56&£©0jg-ctt. ffiffl-rsu— !f©iKgtcj£or 
^u>X4 0©3fetii^J«:teW5{aa*P3SL.. Mfc 
s&g© u — tf £jg l t *> flni v - >? tc *t l r u - 
-^©t^-A^** h©[ia#£a&tf-rtc£3tLfcttn: 

**pJBt&J:?K:LT:i>£. -?t£t>%. «3feU>X4 0* 
^©3M*^|SjK:^«i^It6H:«^L. ChOTtSb- 
tf:*©&gfa£DT«7fcu >X|gSftgiS5 o -c^lfcfrisj 
KIBMrf *c4(c«fcf). Sft*ffl?S©U-1f3fe©*«a 

[0027] m*.n . ^{c*s p i fcj&fc-r 5 J: ^ K-r 

55se*>f>^©u-lf3feU:^)0#^/t4^ 
tc. &7fcW>X4 0*7^tcSoTI2©d/dtfK£fa53 
0^«:^«i3-ttla«J:i,>. m7fcu>XSM&Si55 
Ott. ^^^^©'J-Tr^^x-*. 09*. 

y ^ffiffl l/c* *m <o mm* zxtm&stx 

*. «3feu>x*igS[©u>xgf*^«£5^«:«. '}> 
tt< 4fc*©lft©U^X*;£?k£fif£f^3ttSt:4 

[002 8] {8181)955 ltt. gl7fcU>XI8S&aS5 OtCfc 
*U>X©IES&S£j!HlfflrrS4&{c. U-lf^*- K 
^S6a}5 2*^-L-C^<*U— tfTWJfS^-l 1. 12 
©f£3fe£SUffil-rS. CtiB. «6fflffli^tcit.i;rfg^S*a 
fc&S© U— tf^fctHTTT* <fc 5 (C&^iSft: U— !f r w 

4**11. 1 2<Dmm*:m*)igixztti>< l c, #j®isp 
5 i <cb. n?£Batii-r !f r v a 3R?-©ifcg 
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«CIoi;r^5feU>X4 0©gH&Sa*?#7'n i/^ASti 
■cfcO. u— «f:fc©i£fi*£*rfc3g3^g;!i^{bL& 
<,>«fc*>cc&7-ci.»s. ^36u>xggibaJ5 o©|g«iJg(i 
l/txf^ f>^*-d?*figfflf ■?■©&»> 

[ o o 2 9 ] a 2 «. ^gi/- <rmm&<og.&m>S: 
Tjkrm-c&z. m i {c*$w-5sif§P3 o ^p-r-s^stc 

^35n a c4 1 «ri2L-rt»Sj±iAlS*-5. ^ny^A^gp 
io S4 l «, u>X«fc 9 PS*** < Lr t>%&m&»tfi 
£Ufc<<,>©-C. aiOJ;5R:"-757-32«:ffiffl 
LT U— If LA i b— if L B*saa*|^-7£^jitT-r 

■5.«fc^«:L«:<rfc. ^©rare^iw/cSi^AWSiiS 

5. 0l(DJ;^KA-7 57-32%ffifflt5 

"-7 5 7-3 2«-a5*SML. — 8fl£i3 
ia3tt5fc». U— tf3feLA. L B©3fcfi©fftfe& s 7v£ 
it^tcifi. C©^09«:«tti«. -€•©«!: 5 
20 mTa^iei^-cti. 

[0030]fcoit, C©fl»fiSK:iai>r4>ffiffl^--6U 

— !f7K©^g©^tcj:»)ifi±feJtRii«^-r-5©-c. -e 

ti6©*?t(4ia4PI-«:-r-5fc*. *n^7A|EKigi}5 
3K«fc»3*Dy7A3fc^SISp D ri4 14S3tt4U-W 

[0 03 1 ] IfTU-Y^l 1. 12«. 

30 *J-c#s4«tc. *nsft*s^cc/jN3i»©r$|g©/jN 

<^{*u— tfru^^©«BR> S3B. ±se*&© 
•r*4m0-c*s. ^c*j. tf*mi*^--2>*^u 

-tfTU-fSR^-1 2«COC»T«. ^SEr-SS®©CaIn 
P. AlGaInP©ffl^S,#-en-encaAs. GaAlAsiS^Ti©^ 
•CA-SCrgiWtrSBSL. JWT. — IfT 

T-i i©*«:o(,>-riftW-r*. 

40 [0032] mm&i>—*rT u -y^-?- i i «. s!®^ 
3ss?«ji©^^» u — tmmm. $ titer u 

•<»S(*©t©t , *«3. nMCaAsSSl 0 1 ±{C. nl 
CaAs^y^rBl 0 24. n 3UlGaInP£ 7 y K@ 1 0 
3 t . CaInP/A1GaInPS^#F«Mt£f4S 10 4 4. p 
S!A1CaInPi'7 v KTftWS 10 5 4. nMAlCalnP^SSEX 
P7>1106i, p^AlCaInP^7 » FSii® 1 0 7 
4. pSJCaAs^+^^Bl 08 (t-h^>^) £*SJ! 
'XffiJIStl. pMCaAs++ -yXJg 1 0 8©^ffi«:cr/Pt 

/Au<D=®&®m $ tir^fiss ti/csw»is© p sats 

50 1 0 9 4. nSfCaftsSS 1 0 1 ©SSlCAuGe/Ni/Au© 
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i£A<*ft*®£ii, nS!AlCalnPaS8£^n^^jSl 0 6 
fc<fctfp®AlGaInP*^? FS&B1 0 7 J: 9 

S^6tl^CaInP/A1CaInRS^#Fffi3irSt4ll 1 0 4 CC 

[0 0 3 3] n§2A1InP^g&^D^^@l 0 6S 

tfpI^lGalnP*^* Ftt&JSl 0 7 5?&COl,>Ti*l/ < 
SiM^-^o 04 IS, S3tcfeW^rt^JS^±S^6S 10 
ffib/cS"C*^. I^HiC^-rj;^{e: t nSAlInP®^:/ 
n ^ 2/1 1 0 6(J t pS!AlGaInP*5 ? FTJ6JI 1 0 5 

(@3> o^fficc-^rara^^c^r^sn/ts^ 

^ F 7 Y ^ 1 0 6M^^i feOT^^o *€-LT, p®A 
IGalnP^ * KSiAJi 10 7 ([§13 > «nMAUnP®£ 

:/a**/gl 0 6£&^a>o;* h7-/^i 0 6AOffl«: 

saw** ftotus. 

[0 0 34] X h^^^l 0 6A£>5^ ?'JI9:^ 

CCDPR&KSfl 1 0 6 p^AlGalnP* ^ y Ftl&Jl 

i o 7#gtf>&*n, 5x 06 AOffltc 

ffigL/cBSt^ p£EAlGaInP!77 ? F3&Jia5#l 0 7 A 

zmtSTzmsmms 1 o 7cw&££nri,>* e 

[00 3 5] 0 6A£>ffflK:{£aT£ 

Sp^Aicainp^^^ KaiZvM^i o 7a«\ mm? + 

N$^#£*l£ 0 ^lt, HJi2§pMAlGaInP£^* F 30 

$ei@s&# i o 7At*u— yyt<Dmm&<o-®fttt£ 
a. vLTz<D8fo*mmz&i 0 7B<h^. **, a 
isi&s&i 0 7c*>, mm*+*)i<ttj:*)* *<dtbic 
{mTZfe&m£<DmxPNm<&&2tixi,>z 0 *l 
x. m£mm&iQ7ctmmzMioiBtifim>tc& 

[0036] S3tC7S-TJ:^tC, ^<i*>23i^ 40 

zm&mmi&ts&wtmzmi >*>o P ^sgu^o* 

OoMig££5<fc5K:, ^#u-if7Wf&-?i ooo 
^Mct*. zn^ffii4$tx^cik:J:orzr4£iiaJi 
IK 11 2#«^3*i*t«tK:j:9, *gffi-gflfc§<tft 

[0 03 7] *0-C. 36CC, C(DZn&f*giU 11,1 
1 2<Z>pS£m«8l 0 9 0±«:ffia-r^SP7>«:«, sio>& 
«/si i 3 3WBttsnrt>». c©«taWcj:*K ffiii so 
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14,11 5r<Dlftfli*tt< LX*<DmftX(Dftmf)± 

11. 1 1 2*nfiffil 1 0£899$McSrKftL 
tRtft, nS^gl 1 0©±(c{fflBT*W#Cc. sio* 

[003 8] n^AHnP^fiS^o^^ei 06t 

**4>ft < rztt&trc^ nmnnprn^a vtmio 

AUnP®S^U ^110 6 <DJa$r^£ P^AlCalnP^ v 

» FTiU 1 0 5<D*ft± 0 fc/J\3 < ft* J: 5 
2W!3ftTl>4. o*0 % pSSAlGalnP*^? FTflWB 

10 5«, AlGalnPtttlJSRU n SAlInP^Sa^a .7 *H 

10 6(1, AlInPrflJ^LxT2b*o 

[0 03 9] ft**, !f363WtM*3*i 
Zffimt. W3<D®W^mi<DffiWl 14T&9, SB* 
IMcD^j©l 1 5^6ttai»J3ftfti><£5K:, figffil 1 4 

©stscu*, stt**s 1-15 %m&.<Dt&j&mmm#m 

,0 3 , SiO„ Si s O«, TiO,f4ffll>iCi*t 
Cft£&cRB£fc(Erc«:ftl>o */c, Ififfi 1 15 

oaawctt, mmm&7 0-9 8 xaisoift^Mfts 

JH££*VCl»«. COiSKtf^lSt*. A 1,0,, SiO 

ttfl&TiO,* 7«7r^Si, **<br*^7y 

£LhftS bTiim-r * C <b J: 0 Cim5 

cnicK*t>or«fti> 0 
[0 04 0] <*»»u-tfru-r^i ioi«B^i*> 

H5» % !fri^-f*^l l©WS*«*Sxr 

nMGaAsSKl 0 ia^©ss*«, # 

S^JI^ffiffigffi («T, MOVPESiC^, ) CC<fc 
0JH3OBJiSSti*. n^GaAsSSl 0 1± 

p ^AlGalnP* ^ y FTtfiB 1 0 5 *-?©«» fcM&fc 
«JiR-r* (X^l ) . **C, CCDp^AICalnP^^^ K 
TJfiJll 0 5CD^®CCn^AlInP^^Pt?^Jll 0 6 

MOVPE^ot, pSAICamp^^^ KSiiH 1 
0 7ftcb'<DSH^»XBfiXT5 (183) . 
[OO4 1]06«, ±t3Xa2CC*JW4nfflAlInf« 
ffi^n ^1810 6<DJi50c^iS«:mffltcift?g*r*/c^cr) 
«S;liir*€>o C<DHCC^TJ:^CC, *T, H6 (a) 
(Ctel>r , nSAllnP^ISa^P ^1106 ^«fiS;"r* 
tm/i 1 0 6 E^: pSAICalnP^ ^ 9 FTttJS 1 0 5 <D^ 

[0042] ^tC, H6 (b) K:*5l>T, BffiO^^- 
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?* V) <&lcJ:')&&&i$.LX> S&v*? 

mhift^m^y^^^n-tCtlCJ:*), n^AllnP 

[0 04 3] <¥ig«:U— !f7U-Y3R^l 1 tcfclt^ 
iSl 0 7B|gJ±©fBJ-CU— W*fitt7i-XO!r 

at?**. 

[0044] |^0K7ST<t 5<t. -©igjgrfcft 1 2 1 tc 

2 2 4. -enccK^^fl6<D-<D^«*g8l 2 3-c^&m 

mzm>mm3foic&i&3ntcttm& 1 2 4 ±h>k «ts 
Jg&ssi 2 5t?ii*S3ttTi>£©-c\ MittB. m 

f2£gg 1 2 2 1 2 4 ©teu:. MSt^lSg 1 2 

4©-SP£«WU il*£«iS88 1 2 5 *Stf**mSl 2 
63H^Snrc^<b^6*a-2>. 20 
[0 04 5] C©/c#. 8lJ*©2Sj&fcffil 2 l&tfl 2 

3 3 n s u — if 3fe(n±^is^ s n-c •e-ciess 

*3ft*. Ofc*i^-C. E4«:iBl>-tBte53Sj&fcS8l 
0 7 BUSkfctt. jSaSig«8S 1 0 7 CCCfc OjHSStvT^ti 

:5to7*-XP v*#tTtott-S. -£©*:«>, — ©S^_h 

guti/rcx** hsp 1 (ai*j<fcc?a2) tc*jt>-cu 

[0046]*fc, C©«fc5K2fe&<DHB4&S. — © 
S«±{CE 3 tlfcSST* Jfifi I, "dig 3 1* * 4 1. >^ # 
8/8LT(,>fct,>©-C> SI/- !fSg^-gp#-C©|g 
HWSCifet*S. -©*«_h«:E3nfc: 

u -c&g ? i* s 4 <, >5 *i£*± < urn L X 

[0047] <dtig«ie3S©ftKKoC^-C>m^^^* 
M3-tf**>*>Sg&gJ84&-5. OS 13. jgjfc£8S©& 

4. ffimm.m&<Dm&-?z^-i--mt-citw8i&-?z> 

too. 3fc©o*#*S ^i&£?8©jlfifcfrr6jfc: 
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btctfi-yx. mmmffl&vmffi&QSumz. -e© 
s&s&tfis^-r •*> mm*& t ©8#skhs < xm^**** 

ifimzu,*. s etc. JSig^ffiiji^isjigiSitt. mm 
^©^sB^ertspffj-c^fc^^ #s c <t*^s 

[0048] <S*S&ifiSg©^e<«:o(,>-c> 

0±iet&9§-c». 04(cin-rj:5K:#il*S^?gK«. y 
U-f©*ifcgft»-Clit3f«T{cMAJ:-9tc^fiSL/ft:*s. -5- 
$&©^*8{a4»K£fe£J:5&-*©fll: 
M±tC&X£*>K.LXt>£\,>. C©<t?Wn(f, £T 
©&&*8&tfftW3nsc4K:&D. .fcQ&UlUWc?* 

[0 04 9]<3>£fc. HStC^-r^^tC. S^jfi^SS3 

tttcj:«3 . St>CcBte5ig&#883 0 1 A (HSitflKc 
fig) &tf3 0 1 b (HB5MIC&S) X\s—Vftim 

*ss3o i&mmsiist2tix^zm£t t t, -xomm* 
B83 o i A®.vmi3<ommzm3 o 1 B*a«Lfcfigtc 

iStt. **i^ft©*¥;frfa£fctf£^&^gc©-a5=l:E 
C>te&T*4:5KXttBfc9-£5<*:5K:-r£.C4-C. K 
£5X^tt©aSj&2K83 0 lNISf±'C6l»t>i»*ftS 

8S3 0 1 Kfel,>t7x-Xo v^3-li--5Ci*s-C#.5. 

[0050] ®3^{c. 09{c^-r«fc^fc. j^-rss 

4|gaj!!pe>4'*f*J5CC*-C@g3tifc«iS*884 0 

4 o 4*s-en-e«n«Baw«:i9;wen/c^«i uxi> j: 

c>. c©JS^«:iiMCi-r4MS8M^6U— !f**ifflS*3 
*i*J:^CC-5-©3lTa^^±lf*£^j5<**. CC 
r. ^Sig*gS4 0 3. 4 o 4©S22;£|S|©ra«d *SC> 

©^js«ii^©-si5*im-r sx«a«c ttmtx. 
fasrrnw:. ^jS^S4 0 3Scx4 0 4ru— tf^fcw^ 

[0051] <s>±Mmwxiz> msmimimsy&m 
r. s»©!ia»:«8© 9 < 4 1 2 *©#jf5c^*j 

[0 05 2] ^»©SHi%-5>. -©SS±tC 

EsnfcSJRT-^a^o-cfigs-esssftt. ^r©« 

«fi£*© J: -5 «c£-C ©S^ 3 ittciS^ t tt^T (fi 
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[0 053] «±©«fiWc.J:»J. &*3*f*u— !f7U^ 
JR^f-ll. 1 2*>6ffl»Stl*U-1f*LB». 

4 0*/c«*a;5/5A3t^S6Si4 KDfig* g«&l*)tci)g 
£TS<fc5K:u-rv*fctf>. U— f^©JI^U>X4 0 

©fctf>. £©&gj!«StR3*rr 4>7 * -Xn 5. * 3ft/c 

[0054J Lfca^r. tt&fl$toftHtt& 
iK^S^iStcjf. C/cfi& S j£g©Bffl;>J© U — y^fcJS 

icmm-r z><o-en$> w©&*Brs©;*# s &cmw * c £ 

[0055] (S&2 (D9m<DB&) ±izm 1 ©KSfc©ffJ 
SSKfcOTtt. m 1 4J «fcCX02 fC^5feiSSi5 1 0 

-^jRT-i 1. 1 2;isfflt,>e.nti,>fc*5, *^f2©*jfi© 
^.®«:*jt»-c«. -eo^jgtgp 1 0 «: 1 m-c 2 as©? * 

[0056] <±tmm *m 2 ©hjs©^®«:^^^ 
ifcgu— if^iciig«. is 1 ©*s&©j&sg©ig 1 *j«fco' 
E2«c*w* t ¥S*<*u— ifru^^Ti 2<b^s*» 

<*U— tfTWfR^-l 2»ffl©^^T (aiKfcl>t 
«. ;Hajf?.M£KS&2 2, n-7'7-32, H2 
tc*ji>r«. *ay^A^gp a a a 2 2) ^isl-c-. ¥ 

£2liffl*.. S@*^e>iSSif3ti5U— !f7fc©i£gj&^£ 
[005 7] <^&U— »f7lWJ5t?-l 3©£<**l 

m m 1 0 b. ±ie^(* u— tfr u -<jr^ 1 3 ©km 
c©^(*u--tfru-r*T-i 3it, i&i© 
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HtS©je«gT?3ilH//c J: 5 fc^SttU— tf T U ^ 
2?JfiiOH>£fcttr|g£Lfc«fc5&#J££OTt,>&. B 

1 i«. ±ie¥^»u— tfru^ss^Fi 3©— SKWfc 

[0 05 8] #*«{*U-1f7lWSfl^l 3tt. -©& 

mmifrmmtfim<Dto&-c$> o . <tc^*^© 2 ass 

©u-if^<&^3-t*Sfe©-c*-5. c©¥*g#u-if 
r U -f SR^ 1 3 It. — ©S«±tcaS©8Qit^(6iCCSR 
10 tt©^>y^^a»Ji«:«:fc-o^©U— tf^jftjggp 
700, 7 1 0**ffJii**lfcfc©-C\ 
i«f**lSj«:«. U— !f^tiS|57 0 0&tf7 1 0© 

-c. m&mmtW7tei5to&wm<o\'- j f%¥mMi 0 

0*s?iJS:$n-C% 595(4^1 U— !fr 0 1 £ 

W, -€-©±K{4gf SS«aHi¥md:^«:ffia© 
U-1f^Sa57 1 0*s?»JS3nrJ&:-£.SPtii^2 U- 
1frU-<^7 1 1 4P¥.&„ 

[0 05 9] A(M«pk:». ^Ittu— tfru^*^-i 3 

20 tt, nS!CaAsSfi2 0 1 <k. nSCaAs^^y 7 rM2 0 2 
<!:. n^AlCalnP^l 5» KS2 0 3 <b. CalnP/AICa 
InPfi^#P»Ji^ 1 xmm 2 0 4 t . p ^AlCalnF® 2 
i>7vH12 0 5i, n^AUnPSIl^^O » »®2 
06t, p§9AlCaInf^3 tr^-j Flg2 0 7 <L, n^CaA 
lAsm2m8S^O^ ^(12 0 8 4. p^CaAlA^4i'7 
7K12 0 9i, Cate/CaA1Asfi^#F^^2ffi^@ 
210i, nSCaA1Asl^5 d'^f K)12 1 1 i, nSCa 
As3>5»^ hJ12 1 2 i*ilB^©B$tifc«i*tt:fc, n 
Mm&2 1 3A. 2 1 3BR0 f pS!^S2 1 4A. 2 14B 

30 *(tAfcfc©-C&*. ^cfe, mS*^(,ifc«jg{**«T 

[0 060] nl!IS2 1 SAR^^ 1 3 Btt. 7W» 
jSltr|g<*©±T^® ICB8L S flfcMCSit* «5 . n 
§»g«2 1 3A{i. S®iUtcJ15J5S$nft:AuGe/Ni/Au© 

«. aEfiiJ(C^fiSStifcAuGe/Mi/Au©H)B*saJ13n 
fc«j&©m@-C4>5. -*t©pSSi2 1 4ARD C 2 1 

4 Btt, t i^-f «jifrsg^©£e 2 mmicm-f e n/c^ 

tt©^S"C& 71/-/ *8i§f5IE#©fc&Mig*i±g|S#> 
40 6 p l!CaAl Asm 3 ^ j» KJ1 2 0 9 ©**^a* rtfj <5 
^*nSC4:«:«fci)^tiS$4afc2o©^8P2 1 5©^ 
M2 1 5AtcjgfiE3n^:*>©T'*.2>. 
[0 06 1 ] iSSfitiSKi-^r. U— tf#iem§B7oo 
«. n SAICalnP^ 1*7? KJB2 0 Zifih p SAlCalnP 
^3^7-v K@2 0 7t«:«to-Cl«fi)c3n > U— 
iS7 10», pMAlCaInP^3 v KI2 0 7*>6 
n3iGaMAsS?l5*5? KI12 1 1 4(C<fc-3-C«fiS;3*l 
5. tUb©«(K«:«t0. P11&2 1 4ARV2 1 4Bfi» 
e.aA^*iS«jfi«. SU-1f7t^g^7 00. 7 1 0 
50 (C*5l,>T&5g£ttTi£*-l, CaInP/A1CaInRa^-#Ffi»3t 
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S&lrS«J12 0 4> *5<fcCXCaAs/CaA1AsST-#F«i§m 

[0062] U-if T U >f SH^ 1 3 <DjffigM8i§> 

feTRclfn U— »f7 W/f 7 0 1SCX^2 U — tfrw 

;i7 1 1 (Df^ffl^oiirittw-r^o 0 i o&i>*0 i i tc 
5**\fc9«: % ST, TMtciiL&TZm i u-ifTWJi 

7 0 ltC*JW^nSAlInP^imi&^P^^ii2 0 6 10 
tt. W®JSP2 0 6A<fc. HC^TfffcWRStifcttK* 

SiS206c£Wr*o -eLt, p MAlCalnP^ 3^7*; F 
S2 0 7#. B5IBMffiJaJ2 0 6A<tx h^^7 r 2 0 6Bi 

m>m2 o eo&vicmttmtm o 6ac3#&£ 
[0 06 3] £/c, u-* tfru^«7o i<d± 

®JtC{iig-r^2 U-tfrU-Y®7 1 lCC*$tf£n£[Ga 20 
AlAslH2®Ji£:/a * >7jg2 0 8 &±gBnSAlInPgr 1 M 

i&7nv2m2 0 6±mmc. MiuaJ2o 8a^. si> 

iif**r6]**a5^CC^^gB2 0 8c*W^'2)o 

r . p MGaAlAsff!4 * 7 * FIS 2 0 9 i)\ lulBMfflJSB 2 

0 8A<LX h^-<^2 0 8B<bCDraSCf^ h^-r^20 8 

ii£§8fl2 0 8cteSafriA$ft. ^-o, ? £Jf 2 

0 8^*£5<£5Kff^£ftT(,>* e 

[0064] ctut<fc9, &w-tf7 u-fJBfcbWSrS 30 

ififtm-zwrnz^iti—' v^m^7 oo, 7 1 o# 

06a 2 08a ^«&8&20 6C 208cCCSaM£* 
BUfe«2 0 6a 2 0 8a ^Ri|jlSi52 0 6C 2 0 8Cte 

u-tfr wn7 0 1 ic*$<,vtst2 0 6ixc#ts-r*S5 
^4»®*ffi2 0 6E<t, ^ii^aj2 0 6ctc*tic-rea5 40 

#£^^«®2 0 6F<!:P?C>\ f&2U-tf7WJf7 

1 1 CCfoHT?ff 2 0 8 rtC*H£-r^>gi5»^^*K2 0 

8Ei, *^B2 0 8cKftfc?zmtz&&mm&2 

0 8FW^. 

[006 5] fcfc. 01 U— !f7 WH7 0 1R0^2 

tfru^©7 1 1 <tw, su-if7feife^a57 0 02a 
c^7 1 o&mm.XfaicmttiL&visfrbmf 

*H&tfJfl2<D«S&:/a ^ *lf <£$Sflfl^*a«, ^gdH 1 
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£ < , BJffiS 1 ©sss^d ? *@&c;m2 cd®s^p ^ 
*JS<D/S5r^#l!3iaSf! 1 (DlSSS^a * ^@fp]±S^2 

<D-£fti: 0 /J^ < uz> J: 5 fttmr^ti^n^XSJar 

3fc&*ffi»;*ft£*8®kJ\ 01 l<0EfM^fuffllIcD«gM2 1 
6-C&^ KS*fflJ<Z>KE2 1 7^6ttUiS*3nfc<,>c*:5 

cc. as® 2 1 6 (D^scc« 1 - 1 s%m&<Di&jxmmm 
imtii$tix*,*s. c<D&mt&&<ottn±ox& % ai 
aO Jt sio„ si a o«, Tio.^fflwci^r 

1 7 «D»H(ctt, S*f$# 7 0 — 98 %ff&<Dii&KS^ 

*W!3fiE<5*iTt>s. c<Dm%.%tmmte> ai,o 3 . s 
io„ s i,o<m*>%&i*tiz>m*tf>hKz>i&mvTm 
mnttmtT i o 1% r*^r^s i , y^mtr^ji 

2 mvLk&m 0 xmrnr z> c l tc j: 9 i&m- zctwx 

[0066] <¥zgtt U— IfT U^13 <Di3i§*jS> 
El 2*>6S1 4li, CCDKig^S^-rxUHT* 

SI 2 (1 ) (t7jVTcJ:5(t, n^GaAs»K2 
0 l^lgfigr^. ^tc, 012 (2) tc^f J:^tc. fa 
IBnMCaAsS«2 0 icoaffitc, J®#, pMGaAUnP^ 

1 F12 0 5 ir©§i^MOC VDSXUMB 

[0 06 7] ^tc, 012 (3) CC^Tcfc^tC, nSln 
AlP^^ 6^S^-^>>/Bir6[>«|4 

IS2 0 6G£fl£j3cT£ o ^CC, 012 (4) (Ctj^T J: ^ 
«l k n^InAlP^Sfcl&iyn^d7®2 0 6<DB0c^i>- 
><h«JS^^^->©^PgP^W-r-5>"7^^®MA 1 
*mm*Z>. XIC. 012 (5) fc^Tct^K:. vx^ 
IMA 1 ±a>6?8aBx ^ ^ > ^^itc i cc J: *) hu^W 
l4@2 0 6CtC, n^InAlP®S^l^O^^@2 0 6CD 

[0 06 8] 013 (6) K.jjkTJ:*>lc. p^ai 
CaInP03 2r F® 2 0 7 ^StT^. ^ 0 1 3 

(7)(C^J:^(C % n^GaAlAs02®jS£^a^^®2 
0 8©ttSIB2 0 8C*^«;*r^ a ycfc, 013 (8) 
tC^TJr^CC, nMCaAlAsfSjS02^P-y ^@2 0 80 

[0 06 9] ^ctc, 013 (9) lC7jrrj:5fc:. 
1M A 2 iirfp^ffitB* ^ ^ > ^JS-r c i «: £ 0 flffiSt* 
f4a2 0 8OC, nMCaAlAsmte^2>^o^^lS2 0 8 
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•S. ^K. a 1 4 (10) (CttVTJ: pgScaAlAsJH 
4*7* K@209*>6nS!CaAs3>3f5» hlg2 1 2£ 

[0 0 70] #{C. 014(11) tC^-r«t^tC. nl 
CaAs3>5'i' hJ12 1 2C0affl±*Cfc6MiSSP«rSILT 
3 HI 4 (12) tC^-T 

KJ:f)n§?GaAs=i>£* HJS2 1 2 ©fc&PfigSPRtfC 
©T^KtfcH - *" 4 P SAlCalnf^ 3?7 5KI2 0 7(D 10 

[0071] «±©xg«: «fc ») . BtrieT u ■< mmmw 

IfiBf&ZtiZ. ^(C. 014 (13) {C^T<fc5(C. n 
32^ffi2 13A 2 1 3ti&.Vt>Mm&2 14A, 2 1 4B 

*Bif 5£©gB{4«:jSf£-r h c i «c j; -3 -cBJte^ft u — «r 

U— »f T U-(^13 K*W srou • %jm>v.± 
&.W L tc£ 5 tt«J£©3US{* P — ifT u -/ 1 3 cc J: 
nw. 3n©2gifcj&«©07£ii3«Jc. »1U— !fTU 20 
-^®7 01. §2 U— »fT WJB7 1 1 (cfcttSg^ifc 
#882 0 6 E. 2 0 8d9±*s. ^•*Ve , nj&l£jg&8g2 0 
6F. 2 0 8FtK.£*)imZtlXI,>?>1tlb, SlU-f 
7U-/H7 0 1&CMI2 I — ITT U-fS7 1 1 -€-ft-e*l 
tC*C>T. U— !fit=£7 Jt -Xayi'$#iC<t*ioI«6 
£tt*. LtctH-oX. |5)-B±{C*SU— !f^SB*i6 
ltttt3ti«U—9%UE. ^^-XPjfJUSfcS), ft 

Et>4CfT*»L£5i$K:^l^tottt»;ft:». u— f 

^^ttfciStf/c&icafrfcL-c. i$aMj©u-if;*tf 30 
4. ifc^ot. *»(tu— ifru^jR^i 3*fiewr 

A#WHfc 2 1 5 9-3 1. 3 2CD»5r?lS6r 

[0072] <Jjl2©Sl*&©J$!S©g:j&0>l>#Jri 2 ©Slife 
©JB*D93B«& L T . iUTOJ: 5 ttjg**Sdt-*-« C 
i*5-C#S 40 
®±5E^2©HSfe«3D0S§tC*JC>rtt. ^tfU-lfTU 
■TJR^-1 3<DH8#&(C*l»-c. SMMOCVDSX 
ttMBEfc*m»r-(*^«yfcfiRL-CX»fcj&*, ^J&ffS 
3ft/c!fU U— !frHJB70 lR&m2 \,-*fT\s<{ 

mi i i*^t?2o<Dfi|j§»*®»)^*jttr^fiXL-c«> 

[ 0 0 7 3 ] 0 1 5 tt. 3(i^3Be9{c*^ilSJS^=S:in 
TXH0-C**. iXtc. 0 1 2 ( 1 ) 0»<=>0 1 3 (6 > 
«C*-rXS%ft 1 U-tf7W7 0 I®. 02U-1fr 
WIB7 1 l&B©fflj£K**loS-«*-cmv 015 50 
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(1) Kct-?J:9<C. TW«fjtii<Flgt*5 0 0. 510 
*ffi8g-r*. JUC. 015 (2) {C^-r«t^fC. SflfBT 
U-(«Sit3Jlg{*5 0 0. 5 1 0<Dp^AlCaInf^3 5'7 
v FJH 2 0 7 €r*t|S] 3 it . I/* U— !f^«^SP<DttS 

[0 07 4] C<DS*a^*3ii'-5©CC5fe/co-C > #>7W 
>^-T'<^2t5tCDSTU-Y«jtlJlg»5 0 0. 5 1 0 
© p SAlGalnPgi 3 2 5 sr FB 2 0 7 ©ftS^jf 

f*{ k l . aw £to-eas#r©?£ffi*i|6j.tr 4 ©-eg* l, 

[0075]* fc, C ©<£ 5 {C?S*^S«rJfi-rti^tC 
tt. ^a^r*«MEffll*»*tt3 *>KSa@fCMT u 
-(fllitffrlg{*5 0 0Z«/5 1 OS:— {*Yt3-t*^CidiT 

#5. *(c, 014 do) a>e>0i 4(13) tc^r 

Xftitf^-C. 015 (3) tdrrT^^K. ¥j£<*U- 

©±sa^2coH4fe©jf^«C3!p^54^»b— tfr u-^^ 
^1 3«. Sll U-f7U-/17 0 1 . M2 u— tfru 
^B7 1 ltC*$W-5S^|jg*882 0 6E. 2 0 8El5l±Sr 
•en-e*l»*S^jffi?S2 0 6F. 2O8F(C«t0»iS§#-C 

in i ©i?ffi©^ss«: *s w * <m&mrim<D$ffi&i 

X^mviliWLtcJ: 5 KBVilcBf&l.X C© 
o i&tfs&2 u— tfru^Jl7 i i-tn?hKtot,>t, 

ftM£-r £ c <t cc «fc *) matMtr s c i &x * s . 

[0076] ®±SEJfr 2©ieSS©JBJS'Ctt. ^<*U- 
1fTb-<#^l 3©mi U-1fT WS7 0 1S0^2 
!fr b-Y)17 1 l*PfcJ|fc£&g£di«3t!'.5/ca> 

itrr*s«tcraoafiSE©t©«:ffifflLTigD«fi%tfjji 

2i£Z£'}K.LX'b£K>. fetch. C©J: *>&JS^K: 
». *ig«:U-1fTU-(5RT-l 3 i|if*-CttlDSfcg©U- 

if«**i u-htuyb 7 0 i&tf»2 u-yru-/ 
@7 l i*>^ffl«'r^J:^tc^-5©-c. *>5r>£-?»& 

a. c©j:^«:-rntt. sn i (ommoynmmmt^si, 

Hl^«bTiC<b*5-e*i. tt*. 3e>{Cft^S!a D D ©&£ 
*t-^-rci<!:ttS*J. 3-5j£Lh©iftft©SttS^(*U 

-if r u -f s«T- ; &fflif>fitt. a;ai*^iss©£«<iffl^ 

[007 7] ©±Bem2©5lfiS©^®'C«. 
Ifru-(SRT-1 3(C*Jl,i-T:. pMAlGa!nFgl2£-7 5r p 
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@2 0 5t. nSaAlInFSneSiftT'n ? ?J!2 06iO 
Rfl. RC/p^AlCaInP®3 >7> FJ12 0 7 inSSGaAlA 
^2S$^a i .J')|2 0 8iti. S«S«43nfc«K§ 

TH^i&tfSCifc-Ci**. C©«fc5eCpt?InGaPX,r 

©tot). ^^14©iBft»«S£^a v tm*fciS&Z> Ci* 
[0078] (£#<DiS3f5W ±B2§|£ii©0Sg 10 

C*ifcPR5E;*tt£fc©-C«:ft<. feTF©<fc-5ftfl* 
[0079] (D±faSH!fe©0fiS-C«. _kiB¥aS£{*U- 

r u A %^±-cv x. ~xu v >? t £ c t ^Djfig-c* 

fc. tr&313Sg«. «fru-f3t 

*4gE6 o l =&mrffi{c ur^n;^l&-c*^i6)K:5tJS:3 

tir«:iSi^*6 0 2<t. ^ijtl/- !f3fe^6 0 3 
^a5a D D6 0 4i^6^*. 

[0 0 80] S^I/-!fTU^f^6 0 0«. W2 

if * tun* u — !f $ nfc ©-c * <o . 

^SPa D d6 0 4«. 0rS©3fe2ai4*<e^-5irt 
K. ££#6 0 2 <t<D*h3j®6 0 4Att3«StCffJfiK;*ft 
-CAStSft-S U- tf*86 0 3 <D-gB*JSMLTS^{* 
6 0 2©£igffi6 0 ItCifrOJIf. CCt, ¥3g 
& U -If *p 6 fcMlf 3 ft * U — yXttjfcP •) ft # <E> ffift 3 
ft&fcib. *ffSjffi6 0 4A{c*Jl»rAWL/ft:U— tf36« 

JS^SiJ D a p6 0 4*l9:W-5C«!:K:J:- 3 -C > JiftS^ft 

ItCflrDilSttT:. *©&<c£>-&¥3W*u--!fTu>fJK 40 
a ? **ifffe*i£ c £ tcft S. 

[008 1 ] C©tSm. 7s-Xo»?$ft/i:U- «f3fc 
®±K&^f&©JB*§{CjCpa>.5*igf* U— IfTW 3R^P© 50 
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JSSKtt. U-1f^l6^©*©&ttr^Mi^#8gtr 

(»£tt);ts^5ft{1UB#*£. c©zn£«gi5© 
&ms©±«:{ag-f s^mmzfeti&ti 

«. igBrT?©*£S£ft< LT*©^T©£&Rfrit£;* 

[ 0 0 8 2 ] ±sa#HS6©^JS-C«. sfcfi (AlCa 
InPW&) . fUft (inGaAs****) 30g{*u— !f©;t&#£• 
fc^££{Hfc*#fcljliCcot»TB*J3 Oifctf. cftJ^tcfc. 

$fe <InGaN|*f4) . <InGaNW*4) ^©^(*U- 

were**. 

[008310 JJB*ttfiU— If^^gSlg 

*Ci*i-Cl»S. il7B, C£3t5©i§Sn^-y h 8 0 0 
©*1-tl^-r$4«0t?*4. U— tfSffih-^8 0 1 «r 
OjK-^ F7-A80 2^LTSd8 0 3(Cfi^U ^ 

^«ts. »niffffi*+»-cB^i»©r s is«u-if 
©»^cc j: u— y ^t^gccfcw i>- vmm 

h-^8 0 l«fifidJ*«3. C©U-1f?gSh-5 L 8 0 
1 ©mo JMftCj: 0 . SSo^< 7 h 8 0 0&#ifiUh.tj: 
Oi^KO^r? FT — A8 0 2 9 BH4<£3£< 

A^6Sfc«ffiS-c#i©-c, cn*ix— tfS«h-^8 
at < , mq^»F8oo • mmitc t 

■5. 01. 02(CteW-Slftftlx>X4O-£*P 

^7A^sp,a4 i©3fcf4«r^L-r6-r/cw-cfe. tr- 

ATfeBjgn*©^ C©J:5/5cmfiS*9tn«. 017© 

j; ^ k: u — tf mm h-^soi ^ftzmz-rnvtz < & 

©U-if*4ffll.>n{*U— !f5fe«fe?rWr.5©-C. 8U3 

tttcfin, ^gf^©^ttisi±cctSF^T^ijgton 
[0 08 4] c©^5%u— tf&gggi ur«. ii 

AlCaInP**?4©^feU— !f (jftS6 5 5 nm~6 6 
5 n m) «\ InCa<\sWI4©^U--!f (jgg 1 0 6 0 n 
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m : lrt. t ftb.,As) tififffr*hti2>1fi % 36&cgft**fc6 
^ft^#pJ6fe<tft&. 

[0 0 85] ^cc. se*i^r^tffc^ 

KJK3&2£#gft 5 2 tl±<D3?&ta> 6 ft £ ? - * It ;*Eg 
[0086] <2)2;X7CV h y v ZXT-ZOttM 

£*fmT*<Dtew&r&£ e i i - i 6 1 6 o 
2 nr 5 cc % yagu 

g tf tfjssfibwj: < ft t>©r, HfflTifc— ft p ? h 20 
£B^*±rras#&ofc 0 ffllittf. JdUtLfti^n 
*««l»/c«. tB*</^x«(cjRW«fr9 J:5ft^h y 

^^^/^->^^r^<Dtc«^)$^f6]iirc^ft^o 
fift£/ctf>, co^ftvh »; ^**A*->£^jfrr 
[0 08 7] *fc, Sftfi<O»tt*U-1f3l6*«I0«*r 

Tft;fo*>, ^«E^-*>^©*f*<bft^»7- 
n>zm&. -ecooft^g-c, jift*gBWfcsofc«fi 

fa±T*. »ft*«fi<0L/-1f6C»UrRtt*ift 

emetic u-if5fecD^gi^cj>a^* w om^ci 

[0088]® ±K*»<3WB»fC«a^«fiU 40 

±ao j: 9 ft«ig«sjy *kc t mmm 

IBOU— «f-rf* % Vy < y>JR*aEALfcfife#«:jH 
«l?a&£0»£BfltoteB. W^te8ift<t'©Eg?ffl 

tiR«K6&(r^l>9fUfc»«. 50 
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[008 9] JfSKl, InCal*f^CD1&fe U— if <ifcg5 5 
Onm ; ino.sCao.sN) MiRCCRRStLrffiRiHISO 

g380nm; in,. »c* . n) «t % nm^mmLxi&m 

U-tf 06 Onm ; Ino.,Ca«,. f As) tt. £f£ 

<Diflm^±jmois~ifsx^<DQmtcmz.T. shg 
**r*s. ft*, #eu-ifi»feu— tf*i6osgB 

[009 0] 

ft u - irr u -f > iJKasf[<3o^3s 

5£©{^{C^r*#^T-<!: *«■*.. d>ft<<Lfc— CD 

u-tfru-fjf«:i »*fctt«»JB*#. 4>ft<<h*>- 
©u— !f r u 5 ^^ft < <b «>«^^ 

L*fe-<0*»T«fioaft*U--lfje*$J63)|6r# 

[0091] *fc % *«sjec«**j|f*u-.-tfru-/* 
^tc^ntf, lfflosR^jzoaftsifift^u-if** 

[HffiOS^ftKW] 

[01] 11 cDISSfi<D^tc^^^^ig^u— tf^3feSg 
[03] Hl(c*»*4£»*U-1fru-f3RiFl 1<D- 

[05] ±E*W*U— !fTU-f*^l 1 <DW&m£* 

[06] 05CCfcW-5>Xg2CDnS!AlInP^iS^U-y^ 
■ 1 0 6<D»fi)E»«^S»ffltCtftWTS/c«>©S5C0r* 

[07] ±B*«»U— ?fru-/3R? 1 1«C^«^» 
ft ffl*S*W«cKWr 6m^0T* -5 . 
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[H8] ®^iSK<D^ux->> 3 >^L/Aiigr* 
a. 

[09] a^«KcD^*«;x^^3>^^u/c0r* 
*. 

[01 1 ] JJH**»U— VTis-<m*l 3(0— 

[B 1 2 ] JtlB^igft U-lf T U 1 3 <DH&£& 

[HI 3 3 ±E*SW»U-1fTU-/JR^ 1 3<DKit^?S 

[HIS] ±S2S3IJfi<O0jS(CfeWSa3gW*C^^^»E 

fiu-if*^!B©je»w*^rM«Hr**. 
[hi 7] ^©u-if«^B©±»«/iS^-r*4a 

[flF^>8»9» 

I. 2 ^gU-1f^g 
1 0 rfcigSB 

II. 12. 13 ifrU** * 



10 



20 



* 2 0 
3 0 
40 
50 
5 1 
52 
5 3 

1 0 7C. 
12 1, 

1 2 2. 
20 1 
202 

2 0 3 
204 
205 
2 0 6 
2 0 7 
2 0 8 
2 0 9 
2 1 0 
2 1 1 
7 0 0. 
7 0 1 
7 1 1 
SP 1. 



20 6 R 208F 
1 2 3, 2 0 6E. 2 0 8E 
1 24. 1 2 5. 1 2 6 

GaAsSK 

nSAlGalnP^ 1 v KB 
CalnP/AlCalnRfi^ #F«i6JH 1 rSttJS 
p§£AlGaInF£l2 *5 * KB 
nSfAHnPSB 1 ®fi:/P v ^@ 
P MAI Gain 3 ^7'; KB 
nMGaA!As^2 ®jfg^U > *B 
p§gGaAlAs^4 Z^v KB 
GaAs/GaAlAsaT-#^«^® 2 SttB 
n^GaAlAs05 ? KB 
7 1 0 \s--*r%MWM 

mi u— ftwb 
JH2 tfrWB 

S P 2 SUfeftg 
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